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n imyproved initialization method for a communication. system comprising the 
steps 

estimating a timing offset utilizing an entire received DMT frame; and 
estimating a channel impulse response utilizing at least one pilot tone, wherein 
the receiver DMT frame further comprises the at least one pilot tone. 

The method of claim 1 , wherein the steps of estimating a timing offset and 
estimating a clfannel impulse response are performed substantially 
simultaneousl\ 

The method of ^am 1 , wherein the received DMT frame comprises a plurality of 
DMT frames. 

The method of clailoi 1 , wherein the at least one pilot tone further comprises a 
plurality of pilot tones. 

The method of claim l\ wherein the step of estimating timing offset information 
further comprises the steps of: 

transmitting a plurality onDMT frames of length N+LP, where N is equal to the 
number of samples comprising the DMT symbol and LP Is equal to the number 
of samples comprising a cycMc prefix; 
receiving the plurality of DMTyrames at a receiver; 
performing interpolation on thft received DMT frames; and 
estimating an integer timing offset and a fractional timing offset from the DMT 
frames utilizing non-data aided njaximum likelihood correlation with a pre- 
stored frame of length N+LP. 

The method of claim 5, further comflljrising the step of correcting for the integer 
timing offset in the time-domain. 

The method of claim 5*, further compris\ng the step of correcting for the 
fractional timing offset in the frequency-Vlomain. 

The method of claim 1 , wherein the step of^stimating the channel impulse 
response further comprises the steps of: 
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tratJsmitting a plurality of DMT frames comprising a plurality of known pilot 
tones\ 

receivin^the DMT frames coincident with modem synchronization; and 
estimatingsthe channel impulse response utilizing MMSE criterion through the 
pilot tones. 

The method of^laim 8, further comprising synthesizing a 1-tap frequency 
domain equalizeV based on the estimation of the channel impulse response. 

The method of claim 9, wherein the channel impulse response is padded with 
zeroes to accommodate for circular convolution prior to synthesizing the 1 -tap 
t frequency domain equalizer. 

The method of claim 8, wrerein the plurality of pilot tones further comprises 
pilot tones modulated with a known symbol. 

An improved method of estimating a timing offset utilizing an entire received 
DMT frame. 

The method of claim 1 2, wherein\the received DMT frame comprises a plurality 
of DMT frames. 

The method of claim 12, further con^prising the steps of: 
transmitting a plurality of DMT frames\pf length N+LP, where N is equal to the 
number of samples comprising the DMT>^ymbol and LP is equal to the number 
of samples comprising a cyclic prefix; 
receiving the plurality of DMT frames at a receiver; 
performing interpolation on the received DMTyframes; and 
estimating an integer timing offset and a fractional timing offset from the DMT 
frames utilizing non-data aided maximum likelih\od correlation with a pre- 
stored frame of length N+LP. 

The method of claim 14, further comprising correctingVor the symbol timing 
offset in the time-domain responsive to the integer timiirg offset. 

The method of claim 1.4, further comprising correcting for the sample.timing 
offset in the frequency-domain responsive to the fractional timing offset. 
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improved method of estimating a channel impulse response utilizing at least 
on\ pilot tone, wherein a received DMT frame further comprises the at least one 
pilot tone and the DMT frame is received during modem synchronization. 

The method of claim 1 7, wherein the received DMT frame comprises a plurality 
of DMT fram^. 

The method of cl^im 17, wherein the at least one pilot tone further comprises a 
plurality of pilot tones. 

The method of clalm\l 7, further comprises estimating the channel impulse 
response utilizing Minn^pum Mean Square Error criterion for the known pilot 
tones. 

The method of claim 20, fukher comprising synthesizing a 1-tap frequency 
domain equalizer based on t^e estimation of the channel impulse response. 

The method of claim 21 , whereVi the channel impulse response is padded with 
zeroes to accommodate for circuVr convolution prior to synthesizing the 1 -tap 
frequency domain equalizer. 

The method of claim 20, wherein the\plurality of pilot tones further comprise 
pilot tones modulated with a known sybibol. 

An improved initialization method for moa^m communication comprising the 
steps of: 

transmitting a plurality of DMT frames of lengWi N+LP, where N is equal to the 
number of samples comprising the DMT symbol\^nd LP is equal to the number 
of samples comprising a cyclic prefix 

transmitting a plurality of pilot tones within the plur'klity of DMT frames; 
receiving the plurality of DMT frames at the receiver; 

extracting timing offset information from the DMT frames through correlation 
with a pre-stored DMT frame, wherein correlation is perfo\med using the entire 
DMT frame of N+LP samples; 

performing Interpolation on the received DMT frames resulting in an integer 
timing offset and a fractional timing offset; and 
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^imating the channel impulse response from the plurality of pilot tones within 
the received DMT frames. 

The merbod of claim 24, further comprising: 

correcting\or a symbol timing offset in the time-domain responsive to the 
integer timiilg offset; and 
correcting for'^ sample timing offset in the frequency-domain responsive to the 
fractional timing offset. 

The method of claVn 24, further comprises synthesizing a 1-tap frequency 
domain equalizer ba^ed on the estimation of the channel impulse response. 

The method of claim 2ev wherein the channel impulse response is padded with 
zeroes to accommodate fV circular convolution prior to synthesizing the 1 -tap 
frequency domain equalizer^ 

The method of claim 24, wher^n the plurality of pilot tones further comprise 
pilot tones modulated with a known symbol. 

An improved initialization method fo\modem communication comprising the 
steps of: 

transmitting a plurality of DMT frames oKlength N+LP, where N is equal to the 
number of samples comprising the DMT syftibol and LP Is equal to the number 

of samples comprising a cyclic prefix; 

transmitting a plurality of known symbols over^ known pilot tones within the 
plurality of DMT frames; 

receiving the plurality of DMT frames at the received; 
performing interpolation on the received DMT frames 
estimating an Integer timing offset and a fractional timt^g offset from the DMT 
frames through correlation with a pre-stored DMT frame\vherein correlation is 
performed using the entire DMT frame of N+LP samples; 
correcting for a symbol timing offset in the time-domain resp^^nsive to the 
integer timing offset; 

correcting for a sample timing offset in the frequency-domain re^onsive to the 
fractional timing offset; 
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estimating the channel impulse response utilizing the L pilot tones within the 
receiv^ DMT frames; 

padding\he channel Impulse response with (N-L) zeroes; and 
synthesizing a 1 -tap frequency domain equalizer based on the channel impulse 
response. 

An improved system for modem communication comprising: 
a timing offset estimator adapted to estimate a timing offset utilizing an entire 
received DMT frame; knd 

a channel impulse resp\)nse estimator adapted to estimate a channel impulse 
response utilizing at leas\one pilot tone, wherein the received DMT frame 
further comprises the at least one pilot tone. 

The system of claim 30, wherein the timing offset estimator and the channel 
Impulse response estimator are\idapted to operate substantially 
simultaneously. 

The system of claim 30rwherein the\eceived DMT frame comprises a plurality 
of DMT frames. 

The system of claim 3,0, wherein the at le\st one pilot tone further comprises a 
plurality of pilot tones. 

The system of claim 30, wherein the timing of^et estimator further comprises: 
a transmitter adapted to transmit a plurality of DMT frames of length N+LP, 
where N is equal to the number of samples comprising the DMT symbol and LP 
is equal to the number of samples comprising a cycliX prefix; 
a receiver adapted to receive the plurality of DMT framed; 
an interpolator adapted to perform interpolation on the rei^eived DMT frames; 
and 

a correlator adapted to estimate an integer timing offset and a^actional timing 
offset from the DMT frames utilizing non-data aided maximum liRglihood 
correlation with a pre-stored frame of length N+LP. 

The system of claim 34, further comprising a symbol clock correction circuit 
adapted to correct a symbol timing offset in the time-domain responsive tb the 
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The\ystem of claim 34, further comprising a rotor-delay correction circuit 
adaptecl to correct a sample timing offset in the frequency-domain responsive 
to the fraa^ional timing offset. 

The system oPdaim 30, wherein the channel impulse response estimator 
estimates the charmel response utilizing a Minimum Mean Square Error criterion 
of the known pilot Vones. 

The system of claim 57, further comprising a synthesizer adapted to synthesize 
a 1 -tap frequency dom\in equalizer based on the estimation of the channel 
impulse response. 

The system of claim 38, wh^ein the channel impulse response is padded with 
zeroes to accommodate for c\cular convolution prior to synthesizing the 1 -tap 
frequency domain equalizer. 

The method of claim 37, whereinVhe plurality of pilot tones further comprise 
pilot tones modulated with a knowtVoAM symbol. 

An Improved system for estimating a tuning offset utilizing an entire received 
DMT frame. 

The system of claim 41 , wherein the received DMT frame comprises a plurality 
of DMT frames. 

The system of claim 41 , wherein the timing offs^ estimator further comprises: 
a transmitter adapted to transmit a plurality of DMT frames of length N+LP, 
where N is equal to the number of samples comprising the DMT symbol and LP 
is equal to the number of samples comprising a cyclicVefix; 
a receiver adapted to receive the plurality of DMT frames 
an interpolator adapted to perform interpolation on the received DMT frames; 
and 

a correlator adapted to estimate an integer timing offset and ^fractional timing 
offset from the DMT frames utilizing non-data aided maximum\ikelihood 
correlation with a pre-stored frame of length N-f LP. 
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The system of claim 43, further comprising correcting a symbol clock correction 
circuit adapted to correct a symbol timing offset in the time-domain responsive 
to\he integer timing offset. 

The system of claim 43, further comprising a rotor-delay correction circuit 
adapted t)E) correct a sample timing offset in the frequency-domain responsive 
to the fractiohal timing offset. 

An improved system for estimating a channel impulse response utilizing at least 
one pilot tone, wherein a received DMT frame further comprises the at least one 
pilot tone and the DM is^frame is received during modem synchronization. 

The system of claim 46, wjierein the received DMT frame comprises a plurality 
of DMT frames. 

The system of claim of claim 46, wherein the at least one pilot tone further 
comprises a plurality of pilot tones. 

The system of claim 46, wherein the channel impulse response estimator 
estimates the channel response utilising a Minimum Mean Square Error criterion^ 
of the known pilot tones. 

The system of claim 49, further comprising a synthesizer adapted to synthesize 
a 1 -tap frequency domain equalizer baseqon the estimation of the channel 
impulse response. 

The system of claim 50, wherein the channel Vnpulse response is padded with 
zeroes to accommodate for circular convolutioi\prior to synthesizing the 1 -tap 
frequency domain equalizer. 

The method of claim 46, wherein the plurality of pil\{t tones further comprise 
pilot tones modulated with a known symbol. 

An improved system for modem communication compri^ng the steps of: 
a transmitter adapted to transmit a plurality of DMT frames of length N+LP, 
where N is equal to the number of samples comprising the DMT symbol and LP 
is equal to the number of samples, comprising a cyclic prefix;^ 
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the transmitter adapted to transmit a plurality of pilot tones within the plurality 
srf DMT frames; 

a receiver adapted to receive the plurality of DMT; 

a timVig offset estimator adapted to estimate a timing offset from the DMT 
frames through correlation with a pre-stored DMT frame, wherein correlation is 
performeoVusing the entire DMT frame of N+LP samples; 
an interpolator adapted to interpolate the received DMT frames resulting in an 
integer timing offset and a fractional timing offset; and 

a channel impulse estimator adapted to estimate the channel impulse response 
from the plurality of pilot tones within the received DMT frames. 

The system of claim ^3, further comprising: 

a symbol clock correctron circuit adapted to correct a symbol timing offset in 
the time-domain responsive to the integer timing offset; and 
a rotor-delay correction cirojit adapted to correct a sample timing offset in the 
frequency-domain responsive \o the fractional timing offset. 

The system of claim 53, further comprising a synthesizer adapted to synthesize 
a 1 -tap frequency domain equalizer\based on the estimation of the channel 
impulse response. 
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The system of claim 55, wherein the channel impulse response is padded with 
zeroes to accommodate for circular convomtion prior to synthesizing the 1 -tap 
frequency domain equalizer. 
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The system of claim 53, wherein the plurality onpilot tones further comprise 
pilot tones modulated with a known symbol. 

An improved system for modem communication comprising: 
a transmitter adapted to transmit a plurality of DMT frames of length N+LP, 
where N is equal to the number of samples comprising thevDMT symbol and LP 
is equal to the number of samples comprising a cyclic prefi> 
the transmitter transmitting a plurality of known symbols over\L known pilot 
tones within the plurality of DMT frames; 
a receiver adapted to receive the plurality of DMT frames; 
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an interpolator adapted to interpolated the received DMT frames; 
a timing offset estimator adapted to estimate an integer timing offset and a 
fractionah^iming offset from the DMT frames through correlation with a pre- 
stored DMT fhmie, wherein correlation is performed using the entire DMT frame 
of N+ LP samplespv 

a symbol clock correcb3r circuit adapted to correct a symbol timing offset in the 
time-domain responsive tothe integer timing offset; 

a delay-rotor circuit adapted tea correct a sample timing offset in the frequency- 
domain responsive to the fractional timing offset; 

a channel impulse response estimator adapted to estimate the channel impulse - 
response utilizing the L pilot tones withiKthe received DMT frames; 
a circular convolution circuit adapted to paothe channel impulse response with 
(N-L) zeroes; and \ 

a synthesizer adapted to synthesize a 1 -tap frequency domain based on the 
channel impulse response. \ 
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